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0 Composite structures and methods of manufacturing the same. 



© A composite structure is manufactured by join- 
ing a first material (2) preferably made of a mag- 
netically permeable material having a first joining 
surface (11 a) in which a recess (7) having an over- 
hang surface (6) is formed, to a second material (3) 
preferably made of an electrically conductive ma- 
terial having a second joining surface (11b), to be 
joined to the first joining surface (11a) of the first 
material. On the second joining surface (11b), a 
protrusion (9) having an outer configuration substan- 
tially corresponding to the inner shape of the recess 
(7) is integrally formed. The first and second materi- 
als (2, 3) are firmly mechanically joined to each 
other by, for example, a casting method, a rolling 
method, a pressing method, or a method by utilizing 
a plastic flow of the second material (3). 
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COMPOSITE STRUCTURES AND METHODS OF MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 



This invention relates to composite structures 
fabricated by joining materials of dissimilar or dif- 
ferent kinds and relates also to methods of manu- 
facturing the composite structure to be utilized, for 
example, as a secondary plate of a linear motor car 
railway track, for inducing electric driving force for 
such motor car. 

As is well known, traffic facilities have occupied 
a significant and important position in the social 
life, and among various traffic facilities, transporta- 
tion means such as railways play an important role 
in the rapid mass transportation apart from the 
transportation by means of automobiles. 

However, as speeding up of the railway trans- 
portation has been desired, vibrations and noises 
caused by the transportation means has become 
factors which cannot be neglected in the social life. 
In another aspect, excavating and drilling oper- 
ations as for a underground railway tunnel have 
become large scale ones with more and more 
increasing cost, and for this reason, development 
of a linear motor car capable of travelling along an 
iron railway track without generating violent vibra- 
tions or noises is highly desired and has been 
partially realized. 

In connection with the linear motor car of the 
character described above, a structure of a secon- 
dary plate, which functions to produce eddy cur- 
rent, in a primary side of the motor car for produc- 
ing a driving force, must be used on the railway 
track. Such secondary plate is required to have 
high electric conductivity and magnetic permiability 
as well as a great resistance against shearing 
forces and separating forces which are generated 
as counter forces against the great driving force. 
However, in the current technique, a single metal 
or metallic material having these characteristics has 
not been developed, and accordingly, a composite 
structure fabricated by tightly and firmly joining 
materials of different kinds having a high electric 
conductivity and a high magnetic permiability, re- 
spectively, is utilized as the secondary plates. 

For example, there are known composite struc- 
tures fabricated by fixedly joining face to face an 
aluminum plate having a high electric conductivity 
on a soft steel plate having a high magnetic per- 
miability. In an example of such composite struc- 
tures, the aluminum plate is press-fitted at the 
opposite ends thereof on the two end surfaces of 
the soft steel plate, and fastening screws are 
passed through the aluminum plate into the soft 



steel plate to mechanically join both the plates as a 
combined metallic structure. In another example, a 
composite structure is obtained by joining the alu- 
minum plate to the soft steel plate by an explosion 
s bonding method into an explosion bonded clad 
plate. 

However, as described hereinbefore, it is re- 
quired for the secondary plate to possess a me- 
chanical strength against the strong reacting forces 

70 to the driving force, acting frequently and repeat- 
edly, and accordingly, the secondary plate must 
have a large resistance against shearing forces 
along the interface between the two elementary 
plates as well as against vertical separating forces 

15 imparted to the two elementary plates of the sec- 
ondary plate. Particularly, when a composite struc- 
ture is applied to the railway track of a subway, it is 
required for the composite structure to have me- 
chanical strength or resistance against additional 

20 thermal behavior and separating forces due to tem- 
perature variations and dynamic vibrations. How- 
ever, the composite structures fabricated by press- 
forming the two plates and then clamping by fas- 
tening screws or fabricated by the explosion bond- 

25 ing method cannot maintain sufficient resistance for 
a long period of time. 

Particularly, the composite structure, in which 
an aluminum plate and a soft steel plate are me- 
chanically joined by pressing them and clamping 

30 them by means of bolts, tends to be loosened as 
time elapses, while the explosion bonding method 
is extremely expensive, thus being not advanta- 
geous. 

Moreover, when the composite structures of 
as the characters described above are applied to the 
railway track of the subways, for example, sited 
near seasides, the railway tracks are exposed to 
severe environmental conditions such as corrosion 
or submergence and the interface between the soft 
40 steel plate and the aluminum plate are corroded. 
When corrosion occurs, the composite structure 
cannot attain the function as the secondary plate 
for the railway track. 

45 

SUMMARY OF THE INVENTION 



Accordingly, an object of this invention is to 
so substantially eliminate defects or drawbacks en- 
countered in the conventional technique described 
hereinbefore and to provide composite structures 
fabricated by materials of different kinds capable of 
maintaining for a long time firm mechanically 
joined condition of the different materials without 
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causing relative shifting and separation of the 
joined surfaces of the materials even when the 
composite structure is exposed to an environment 
in which repeatedly acting strong shearing stresses 
and violent thermal behavior are imparted to the 5 
composite structure. 

Another object of this invention is to provide 
composite structures of the characters described 
above capable of being manufactured with tow 
cost 10 

A further object of this invention is to provide 
various methods of manufacturing the composite 
structures of the characters described above. 

These and other objects can be achieved, in 
one aspect according to this invention, by providing 75 
a composite structure fabricated from materials of 
different kinds, which structure comprises a first 
material provided with a first joining surface in 
which at least a recess having an overhang surface 
is formed, and a second material provided with a 20 
second joining surface joined face to face to the 
first joining surface, said second joining surface 
having thereon at least a protrusion having an 
underhang surface and formed integrally with the 
second material, the protrusion having a shape and 25 
demensions substantially corresponding to those of 
the recess and being firmly engaged with the re- 
cess in a manner fully filling the same. 

In another aspect, according to this invention, 
there is provided a method of manufacturing a 30 
composite structure of the character described 
above, which method comprises the steps of pre- 
paring a first material with a first joining surface, 
having at least a recess having an overhang side 
surface, placing the first material in a casting mold 35 
in a manner to leave a space having a predeter- ' 
mined width between the first joining surface of the 
first material and an inner surface of the casting 
mold, pouring a second material in a molten state 
into the space to fill the second material into the 40 
recess of the first material and to bond a second 
joining surface of the second material entirely to 
the first joining surface of the first material, and 
taking the thus bonded first and second materials 
out of the casting mold. 45 

According to this invention, there is further 
provided a method of manufacturing a composite 
structure fabricated from materials of different 
kinds, which method comprises the steps of pre- 
paring a first material having a first joining surface, so 
forming at least a recess having an overhang side 
surface in the first joining surface of the first ma- 
terial, preparing a second material having a second 
joining surface, and opposing the first and second 
joining surfaces of the first and second materials 55 
and pressing the opposed first and second materi- 
als from one side thereof to cause plastic flow of 
the second material into the recess to cause the 



second material to be filled into the recess of the 
first material. 

According to this invention, there is still further 
provided a method of manufacturing a composite 
structure made from materials of different kinds, 
which method comprises the steps of preparing a 
first material having a first joining surface in which 
at least a recess in the shape of a local hole having 
an overhang surface is formed, preparing a second 
material having a second surface and provided with 
at least a local through hole having an underhang 
surface, placing the second material on the first 
material in such a manner that the first arid second 
joining surface contact each other with the through 
hole of the second material aligning with the recess 
of the first material, inserting an anchoring material 
into the through hole and the recess, and plasti- 
cally deforming the anchoring material to cause it 
to entirely fill the through hole and the recess. 

According to this invention, there is still further 
provided a method of manufacturing a composite 
structure made from materials of different kinds, 
which method comprises the steps of preparing a 
first material having a first joining surface, forming 
at least a recess having an overhang surface in the 
first material, preparing a pair of second materials 
each in the shape of a plate, fixedly mounting the 
second materials on the first joining surface of the 
first material, the plates of the second materials 
having one ends opposing to each other with a 
space therebetween above the recess of the first 
material, filling a third material into the recess and 
a space between the opposed ends of the second 
materials to form a build-up weld, and removing 
the build-up weld such that an outer surface of the 
filled third material is flush with the outer surfaces 
of the second materials. 

In preferred embodiments of this invention, the 
first material is made of a magnetically permiable 
material and the second material is made of an 
electrically conductive material. 

The composite structure thus manufactured 
can provide a firm mechanically joined condition 
between the first and second materials by virtue of 
the firm engagement of the overhang surface of the 
recess of the first material with the underhang 
surface of the protrusion of the second material. 



BRIEF DESCRIPTION OF THE DRAWINGS 



In the accompanying drawings: 
Fig. 1A is a cross sectional view of one 
embodiment of a composite structure comprising 
materials of different kinds according to this inven- 
tion; 
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Fig. 1B is a cross sectional view of the 
materials, shown as being separated, of the com- 
posite structure shown in Fig. 1A; 

Fig. 2 is a cross sectional view of another 
embodiment of the composite structure according 
to this invention; 

Figs. 3 to 7 are cross sectional views of 
further embodiments of the composite structures, 
respectively, according to this invention; 

Fig. 8 is a fragmentary perspective view of a 
still further embodiment of the composite structure 
according to this invention; 

Figs. 9 and 10 are fragmentary perspective 
views illustrative of recesses formed in first materi- 
als of further embodiments according to this inven- 
tion; 

Fig. 11 is a plan view showing one example 
of a joining surface of a first material of the com- 
posite structure according to this invention; 

Figs. 12 and 13 are end views as seen in the 
directions of arrows Xil-XIl and Xlil-XIII of Fig. 11, 
respectively; 

Fig. 14 is a perspective view showing a first 
material of a composite structure according to a 
still further embodiment of this invention; 

Fig. 15 is a plan view of a first material 
similar to the first material shown in Rg. 14; 

Figs. 16 and 17 are sections taken along the 
lines XVI-XVI and XVII-XVII shown in Rg. 15, re- 
spectively; 

Rg. 18 is a sectional view illustrative of a 
composite structure in which a second material is 
firmly engaged with the material shown in Rg. 16; 

Rg. 19 is a cross sectional view of a first 
material in which a recess is to be formed; 

Rg. 20 is a cross sectional view showing a 
step to form a recess in the material shown in Rg. 
19; 

Rg. 21 is a cross sectional view representing 
a next step subsequent to the step shown in Rg. 
20 to form the recess; 

Rg. 22 is a cross sectional view showing a 
step to form a recess having a cross-sectional 
shape different from that shown in Rg. 20 in the 
material shown in Fig. 19; 

Fig. 23 is a cross sectional view showing a 
next step subsequent to the step shown in Rg. 22 
to form the recess; 

Rg. 24 is a cross sectional view representing 
a step to form a recess in a surface of a first 
material of a composite structure according to a 
still further embodiment of this invention; 

Fig. 25 is a plan view showing a portion of 
the first material in which a recess is formed by the 
step shown in Fig. 24; 



Fig. 26 is a cross sectional view of one of 
materials constituting a composite structure shown 
in Fig. 4 representing a first step of forming a 
recess; 

s Rgs. 27 and 28 are cross sectional views 

showing successive steps subsequent to the step 
shown in Fig. 26; 

Figs. 29 to 31 are cross sectional views 
illustrative of steps in sequence of forming reces- 
w ses in a first material constituting a composite 
structure, according to a method of this invention; 

Rg. 32A is a perspective view of a first 
material of a composite structure according to a 
still further embodiment of this invention; 
75 Fig. 32B is a fragmentary cross sectional 

view of the material shown in Rg. 32A; 

Rgs. 33A and 33B are views similar to Figs. 
32A and 32B, respectively, showing a second ma- 
terial of the composite structure; 
20 Figs. 34 to 36 are fragmentary cross sec- 

tional views illustrative of steps in sequence for 
joining the materials shown in Rgs. 32A and 32B; 

Fig. 37 is a fragmentary cross sectional view 
of a portion of a first material of a composite 
25 structure; 

Fig. 38 is a plan view of a rotary cutter used 
for forming a recess shown in Figure 37; 

Figs. 39 and 40 are views explanatory of 
steps in sequence of forming the recess by using 
30 the rotary cutter shown in Fig. 38; 

Rgs. 41 to 43 are views explanatory of steps 
in sequence of forming a recess in a first material 
of the composite structure, according to a still 
further method of this invention; 
35 Rgs. 44 to 48 are views explanatory of steps 

in sequence of forming a composite structure by a 
casting method for joining two different materials; 

Rgs. 49 to 52 are views explanatory of steps 
in sequence of joining two different materials due 
40 to plastic flow of a first material to form a compos- 
ite structure; 

Rgs. 53 to 57 are views explanatory of other 
steps in sequence of joining two different material 
due to plastic flow of a first material to form a 
45 composite structure; 

Rgs. 58 to 62 are cross sectional views 
explanatory of steps in sequence of joining two 
different materials to form a composite structure of 
a still further character, according to a method of 
so this invention; and 

Figs. 63 to 65 are cross sectional views 
explanatory of modified steps of those shown in 
Rgs. 58 to 62 in sequence of joining two different 
material to form a composite structure. 

55 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



Preferred embodiments of this invention will be 
described hereunder with reference to a secondary 
plate of an iron track for a linear motor car railway 
in conjunction with the accompanying drawings. 

Fig. 1A shows an embodiment of this invention 
in the form of a secondary plate 111 of an iron 
track, formed as a composite structure made of 
materials of dissimilar or different kinds. The com- 
posite structure comprises a soft steel plate 2 as a 
first material having a high magnetic permiability, 
and an aluminum plate 3 as a second material 
having a good electric conductivity and disposed 
on the soft steel plate 2. both plates 2 and 3 being 
joined mechanically along an interface 1 1 . 

Fig. 1B shows the composite structure in a 
state wherein the two plates 2 and 3 are separated. 
As is apparent from Fig. IB the steel plate 2 is 
provided with an upper joining surface 11a in which 
are formed a plurality of grooves or recesses 7 
each converging downwardly in cross section to 
form a V-shape and each being obliquely oriented 
so as to have one side surface 6 constituted as an 
overhang surface, which protrudes horizontally as it 
extends upwards as viewed in Fig. 1B. The angle 
of the oblique direction and the arrangement of the 
grooves 7 may be changed or modified in accor- 
dance with conditions of design. 

The aluminum plate 3 is provided with a lower 
joining surface 11b on which are formed a plurality 
of projections or protrusions 9 each converging 
downwardly in cross section to form a V-shape and 
each obliquely projecting obliquely so as to have 
one side surface 8 constituted as an underhang 
surface which protrudes horizontally as it extends 
downwards as viewed in Fig. 1 B. 

The locations and shapes of the grooves 7 of 
the steel plate 2 are made to accord with those of 
the corresponding projections 9 of the aluminum 
plate 3 in the joined state. Although, in the illustra- 
tion of Fig. 1B, the plates 2 and 3 are separated, 
actually these plates 2 and 3 are firmly mechani- 
cally joined together in the manufacturing process 
of the composite structure 111 according to this 
invention, for example, by casting the projections 
into the grooves 7 or by pressing the plate 3 
against the plate 2 by means of a pressing roll to 
establish firm engagement of the projections 9 with 
the corresponding grooves 7 as described in detail 
hereafter. 

The composite structure 111 can thus be 
formed integrally as one body with extremely high 
joining force and resistance aginst shearing forces 
in both the longitudinal and transverse directions, 
as well as against vertical separating forces based 



on the thermal behavior due to temperature 
changes. 

With the composite structure of the character 
described above, in a case where a linear motor 
5 car, not shown, travels above the secondary plate 
111 with a predetermined height of floatation, eddy 
currents are generated through the aluminum plate 
3, which produces a driving force for the linear 
motor car. During the travel of the car, the alu- 

io minum plate 3 receives a large reaction force as a 
result of the driving force in the longitudinal direc- 
tion thereof. However, because of great resisting 
forces aginst the reaction forces and the shearing 
forces in a direction normal to the longitudinal 

75 direction and because of a great resistance in a 
vertical direction as viewed in Fig. 1 A against sepa- 
ration of the two plates due to the strong mechani- 
cal engagement between the overhang surfaces 6 
of the grooves 7 of the steel plate 2 and the 

20 underhang surfaces 8 of the projections 9 of the 
aluminum plate 3, the secondary plate is prevented 
from shifting in height more than a designed al- 
lowable change in height. In addition, the tight 
joining along the interface between the steel plate 2 

25 and the aluminum plate 3 can positively prevent 
the possibility of corrosion which may be caused 
by salty sea winds or submergence by flooding 
and so on, whereby the two plates are prevented 
from separating, constantly maintaining the bonded 

30 condition originally designed, thereby enabling a 
linear motor car to travel as designed. 

Fig. 2 shows another embodiment of a com- 
posite structure 112 according to this invention, in 
which all grooves or recesses 7 formed in the 

35 upper joining surface of the steel plate 2 have 
therein intermediate ridges or projections 10 di- 
rected upwardly to enlarge the joining surface area 
of the grooves 7 to thereby increase the resistance 
against the shearing forces. The composite struc- 

40 ture 112 according to this embodiment is advanta- 
geous in that the projections 10 make easy plastic 
flows of the material of the aluminum plate 3 into 
the recesses 7, when the material of the plate 3 is 
to be pressed into the recesses 7, thus enabling 

45 better charging of the material of the plate 3 in the 
recesses 7. 

Fig. 3 shows a further embodiment of the com- 
posite structure 113 according to this invention, in 
which the overhang surfaces 6 of the recesses of 

so the steel plate 2 and the underhang surfaces 8 of 
the projections or protrusions 9 of the aluminum 
plate 3 are arranged in a symmetrical relation with 
respect to a plane along the line P-P, and in which 
the projections 9 extend obliquely in directions 

55 away from the plane along the line P-P. This em- 
bodiment of the composite structure 113 is effec- 
tive in a case where the composite structure 113 is 
installed in a linear portion of a railway track, and is 
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advantageous in that it can be manufactured at low 
cost because of the symmetrica! structure. 

Fig, 4 shows a composite structure 114 ac- 
cording to a still further embodiment of this inven- 
tion, in which the grooves or recesses 7 of the 
steel plate 2 and the projections or protrusions 9 of 
the aluminum plate 3 are both formed in a dovetail 
shape in cross-section with suitable distances be- 
tween adjoining pairs of the recess 7 and the 
projection 9. The composite structure 114 accord- 
ing to this embodiment is advantageous in that it 
can be produced at low cost with a possibility of 
various design and arrangement of the recesses 7 
and the projections 9. 

Fig. 5 shows a composite structure 115 ac- 
cording to a still further embodiment of this inven- 
tion, which has an arrangement of the grooves 7 of 
the steel plate 2 and the projections or protrusions 
9 of the aluminum plate 3, similar to those shown 
in Fig. 1 but has waved overhang surface 6 and 
underhang surface 8 with minute pitches far small- 
er than those of the groove 7 and the projection 9 
to facilitate firm engagement between the grooves 
7 and the projections 9 t whereby a strong bond 
between the steel plate 2 and the aluminum plate 3 
can be obtained. According to this embodiment, a 
strong resisting force against shearing forces and 
separating forces which may be produced in 
curved portions of the railway track can be ob- 
tained. 

Fig. 6 shows a composite structure 116 ac- 
cording to a still further embodiment of this inven- 
tion, in which a layer 12 of thin plate made of an 
electrically insulating material is interposed be- 
tween the joining surfaces of the soft steel plate 2 
and the aluminum plate 3, instead of the direct 
contact of the metallic materials of different kinds 
constituting the metai plates 2 and 3 in the afore- 
mentioned embodiments. According to the con- 
struction of the composite structure 116 shown in 
Fig. 6 t corrosion, which may be caused by an 
electric potential difference generated between 
both the plates 2 and 3, can be effectively pre- 
vented. In addition, since the steel plate 2 and the 
aluminum plate 3 are tightly joined through the 
layer 16, a sufficient resisting force against the 
shearing forces and separating forces can be ob- 
tained. 

Fig. 7 shows a composite structure 117 ac- 
cording to a still further embodiment of this inven- 
tion, in which a corrosion proof priming coat 12' is 
applied to the lower surface of the insulating layer 
12 of the embodiment of Fig. 6 for increasing 
corrosion proof effect for the steel plate 2. In this 
embodiment, the corrosion proof coat may be ap- 
plied to the upper surface of the insulating layer 
12, and in a preferred modification a bonding agent 
having a corrosion proof characteristic may be ap- 



plied instead of the corrosion proof coat. 

The arrangements or orientations of the 
grooves or recesses 7 having the overhang sur- 
faces 6 and the projections or protrusions 9 having 

s the underhang surfaces 8 may be optionally made 
as shown in Figs, 8, 9 and 10, but not limited to 
these arrangements. In Fig. 8, the recesses 7 and 
projections 9 extend linearly in the same longitudi- 
nal or transverse direction. In Fig. 9, the recesses 7 

to and the projections not shown have a bent form. In 
Fig. 10, the recesses 7 and the projections not 
shown extend obliquely. 

Figs. 11 and 13 shows a steel plate 2 of a 
composite structure 120 according to a still further 

75 embodiment of this invention, in which a plurality of 
grooves 7 are formed in the upper joining surface 
11a of the steel plate 2 so as to linearly extend in 
parallel with each other, and each groove 7 has a 
cross sectional shape substantially the same as 

20 that shown in Fig. 2. A plurality of other grooves 14 
are formed in the upper joining surface 11a of the 
steel plate 2 so as to extend in a direction to 
intersect the grooves 7, for example, in a direction 
normal to the grooves 7 as shown in Fig. 1 1 . Figs. 

25 12 and 13 are side views as seen in the directions 
of arrows XII and XIII of Fig. 11, respectively. 

An aluminum plate 3 to be joined with the steel 
plate 2 shown in Fig. 11 has projections each 
having substantially the same configuration as that 

30 shown in Fig. 2 as well as underhang surfaces 
corresponding to the overhang surfaces 6 of the 
steel plate 2. The aluminum plate 3 of this embodi- 
ment is further provided with ridges to be firmly 
engaged with the grooves 14. According to this 

35 embodiment, the composite structure 120 is en- 
dowed with an increased resistance against exter- 
nal forces in the longitudinal direction of the groove 
7 due to the existance of the additional grooves 14. 
In a steel plate 2 of a composite structure 121 

40 shown in Rg. 14, each groove 7 has protruding 
portions 16 in the shape of waves along the open- 
ing thereof. The wave-shaped protruding portions 
16 can be formed, for example, by punched holes 
15 shown in Figs. 15 to 17. The formation of the 

4$ punched holes 15 deforms the inner walls of the 
grooves 7 near the opening thereof so as to par- 
tially form inward protrusions 16 in wave form as 
shown in Rg. 15. Figs. 16 and 17 illustrate cross 
sections of the steel plate 2 to show the shapes of 

so the grooves 7 and the punched holes 15. 

Rg. 18 shows a cross section of the composite 
structure 121 constructed by joining an aluminum 
plate 3 to the steel plate 2 shown in Fig. 14. 
According to this embodiment, the aluminum plate 

55 3 are strongly joined with the steel plate 2 by virtue 
of the existance of the additionally provided 
punched holes 15. 

The embodiments shown in Rgs. 9 to 18 are 
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advantageous in that the resistance against shear- 
ing forces in all directions along the interface can 
be increased. 

It should be noted that the composite struc- 
tures of this invention have been described herein- 
before with reference to the preferred embodi- 
ments, but it is not limited to these embodiments 
and other various changes or modifications may be 
made. For example, ridges or grooves may be 
formed in zigzag shape on the underhang surfaces 
and overhang surfaces in plural stages in the direc- 
tion of height of the protrusions and of the depth of 
the recesses, respectively. Further, the soft steel 
plate 2 and the aluminum plate 3 may be replaced 
with other metallic plate members of different 
kinds, respectively. 

Moreover, the composite structures according 
to this invention can be used not only as a secon- 
dary plate of a linear motor car track but also as 
composite structures requiring firm engagement 
between two plates or members, for example, for 
use in motor cars, machine tools, or as composite 
structures which are used under severe, violent 
conditions accompanied by sliding movements, vi- 
brations or temperature variations. 

According to the composite structures of the 
characters described above, a firm engaging state 
between two materials can be maintained stably 
even under great, frequently repeated shearing and 
separating forces imparted to the composite struc- 
tures, with the result that the function or operation 
of a linear motor car, for instance, can be stably 
maintained as designed. In addition, the joining 
surfaces of the two metal plates are kept in tightly 
bonded state in a manner of a labyrinth seal, so 
that separation of the two materials does not occur 
and any corrosive substance does not intrude to 
the interface even if the composite structure is 
exposed to corrosive atmosphere. 

The formation of the V-shaped grooves 7 hav- 
ing overhang surfaces 6 in the joining surface of 
the soft steel plate 2 can be made in accordance 
with methods described hereunder with reference 
to the accompanying drawings. 

In a first method, a blank soft steel plate 2 
having a fiat joining surface 11 a to be bonded or 
joined, as shown in Fig. 19, is first prepared, and a 
formation roll 10 having flat opposite side surfaces 
and a circumferential surface provided therearound 
with a ridge formed so as to define a predeter- 
mined tapered peripheral surface is pressed with a 
predetermined pressure against the planar joining 
surface 11a of the steel plate 2 as shown in Fig. 
20. When the formation roll 20 is rolled under the 
pressing condition, a sharply raised portion 24 is 
formed on the joining surface 11a at one side of 
the roll 20, as shown in Fig. 20, and simulta- 
neously, a valley portion 25 and a slightly raised 



portion 26 are also formed below the formation roll 
20 and at the other side thereof, respectively. A 
valley portion 25 flanked by the raised portion 24 of 
a predetermined height is formed by repeating the 

5 pressing process described above by means of the 
formation roll 20. 

In the next step, as shown in Fig. 21, when a 
cylindrical levelling roll 27 is rolled on the joining 
surface 11a in which the valley portion 25 has been 

10 formed by the pressing operation, the raised por- 
tions 24 and 26 are made flat so as to accord with 
the level of the other general portion of the joining 
surface 11a, whereby a V-shaped groove or recess 
7 having the overhang surface 6 can be thus 

is formed without carrying out a troublesome and 
difficult machining for cutting a sloping V-shaped 
groove. 

A method of formation of a groove 7 having 
such a shape as shown in Fig. 2 will be described 

20 with reference to Fig. 22. In this method, a pulley- 
type formation roll 20a is pressed against the join- 
ing surface 11a of the blank soft steel ptate 2 
shown in Fig. 19. When the formation roll 20a is 
rolled on the joining surface 11a while pressing the 

25 same, a groove having an intermediate ridge 28, 
substantially vertical side walls and raised portions 
29 is formed, and by repeating the rolling steps, a 
V-shaped valley portion for the groove and the 
raised portions 29 each having a predetermined 

30 height are formed. 

In the next step, when a cylindrical formation 
roll 27a is rolled by a predetermined number of 
revolution on the valley portion of the joining sur- 
face 11a. the raised portions 29 are pressed into a 

35 fiat state, and a groove having overhang surfaces 6 
sloping outwards with respect to the ridge portion 
28 can be formed. 

Fig. 24 is explanatory of a further method of 
forming grooves 7 in the joining surface of the steel 

40 plate 2. In this method a pulley-type formation roll 
20a similar to that shown in Fig. 22 is utilized. A 
plurality of depressions30 are formed in the outer 
surface of the roll 20a so as to extend in the axial 
direction in circu inferential ly equally spaced rela- 
ys tion. When the formation roll 20a is rolled on the 
joining surface of the steel plate 2. protrusions 31 
are formed at equal intervals on the bottom of the 
groove 7 as shown in Fig. 25. Instead of the 
depressions 30, protrusions may be provided. In 

so this case, depressions are formed in the bottom of 
the groove 7. 

According to this embodiment, the projections 
of the aluminum plate 3 can be firmly engaged with 
the protrusions 31 when the aluminum plate 3 is 

55 joined with the steel ptate 2, and accordingly, resis- 
tance of the grooves 7 against external forces in 
the longitudinal direction thereof is increased. 

The formation of the groove 7 or the projection 
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9 having a dovetail cross-sectional shape as shown 
in Fig. 4 can be made in a manner shown in Figs. 
26 to 28. A blank soft steel plate 2 having an upper 
joining surface 11a with a projection 40 preliminar- 
ily formed to have a rectangular cross section is 
first prepared. A formation roll 41 having 
therearound a groove of a substantially M-shaped 
cross section, as shown in Fig. 27. is pressed and 
rolled against the projection 40 in such a manner 
that the inner side walls of the M-shaped groove 
abut against the side walls of the projection 40. 
The formation roll 41 is rolled under the pressing 
condition by a predetermined number of revolution 
to plastically form the projection 40 into a M- 
shaped projection 40'. In the next step, a formation 
roll 42 having a cylindrical configuration is pressed 
against the M-shaped projection 40' and rolled by 
a predetermined number of revolution to form a 
projection 40" having an upper flat surface and 
overhang surfaces 43 on both sides thereof, where- 
by the projection 40" has a dovetail shape in cross 
section. According to this forming method, the 
dovetail-shaped projection can be easily formed as 
designed without carrying out a troublesome cut- 
ting work. 

As will be easily understood, a dovetail-shaped 
projection having underhang surfaces on both sides 
thereof to be engageable with the overhang sur- 
faces 43 of the steel plate 2 can be formed on the 
joining surface of the aluminum plate 3 in substan- 
tially the same manner as that described with refer- 
ence to the formation of the dovetail-shaped pro- 
jection 40 of the steel plate 2. 

Figs. 29 to 31 are explanatory of another meth- 
od of forming grooves, each having a shape similar 
to that shown in Fig. 4, in the joining surface of the 
steel plate. According to this method, as shown in 
Fig. 29, a formation roll provided with annular roll 
portions 45 having a substantially rectangular 
cross-sectional shape is pressed against and then 
rolled on the joining surface 1 1a of the steel plate 2 
to effect plastic working and to form grooves there- 
in with raised portions 46 on both sides thereof. 

In the next step, as shown in Fig. 30. a roll 48 
provided with circumferential grooves 47 of a sub- 
stantially triangular cross section at portions cor- 
responding to the locations of the grooves 7 of the 
steel plate 2 formed by the formation roll 45 is 
pressed and rolled so as to plastically deform the 
raised portions 46 towards the insides of the 
grooves 7 as denoted by the reference numeral 
46'. In the final stage, as shown in Fig. 31, when a 
formation roll 49 having a cylindrical configuration 
is pressed against and rolled on the joining surface 
11a, the raised portion 46' are further deformed 
inwardly to thereby form the grooves 7 each having 
the overhang surfaces 6 on both sides. 

Figs. 32 to 36 shows a still further composite 



structure according to this invention and these fig- 
ures are explanatory of a method of manufacturing 
this composite structure. Fig. 32A shows a soft 
steel plate 2 having local recesses 7 each in the 
s form of a circular hole having an overhang surface 
6 with a cross section shown in Fig. 32B instead of 
the groove shaped recesses mentioned herein- 
before with reference to the foregoing embodi- 
ments. 

10 An aluminum plate 3 to be joined to the steel 
plate 2 shown in Fig. 32A is also provided with 
circular holes 51, as shown in Fig. 33A, each 
having an inverted frustconical cross section as 
shown in Fig. 33B. The location or arrangement of 

75 the holes 51 is of course designed to accord with 
the location of the recesses 7 of the steel plate 2 
as shown in Fig. 34. 

The thus prepared steel plate 2 and the alu- 
minum plate 3 are superimposed in such a manner 

20 that the recesses 7 and holes 51 concentrically 
align with each other, and then an anchor material 
52 made of a forgible soft material such as alu- 
minum is inserted into each aligned pair of the hole 
51 and recess 7 as shown in Fig. 35. The anchor 

25 material 52 is then deformed by, for example, 
forging to completely fill the holes 51 and the 
recesses 7 as shown at 52 in Fig. 36. The thus 
formed composite structure provides a firmly joined 
condition due to an anchoring effect. It is to be 

30 noted that the cross sections of the recess 7 and 
hole 51 need not be circular but can be rectangu- 
lar, oval or of any other shape. 

Fig. 37 shows a still further example of a steel 
plate 2 provided with recesses 7 each having a 

35 shape of a circular stepped hole with a lower 
portion having a diameter greater than that of an 
upper portion, the lower portion forming an over- 
hang surface 6. 

The formation of this hole 7 can be made by, 

40 for example, using a rotary cutter 55 of a type in 
which cutter blades 54 are shiftable between the 
positions shown by solid lines and the radially 
outwardly projecting positions shown by dotted 
lines in Fig. 38. In an actual operation, the rotary 

45 cutter 55 is placed on the joining surface 11a of the 
steel plate 2 and then rotated with the cutter blades 
54 radially inwardly retracted to cut the plate 2 and 
form a circular hole as shown in Fig. 39. After the 
circular hole having a predetermined depth is 

so formed, the cutter blades 54 are shifted or projec- 
ted radially outwardly and again rotated to form an 
enlarged diameter hole portion as indicated in Fig. 
40, thus forming a stepped hole as shown in Fig. 
37. 

55 A circular hole having such a cross section as 
shown in Fig. 32B may be formed by using the 
rotary cutter 55 while rotating the same with the 
cutter blades being radially outwardly moved 



9 



15 



EP 0 297 552 A2 



16 



gradually. 

Figs. 41 to 43 are explanatory of a still further 
method of the formation of the recesses 7 in the 
joining surface of the steel plate 2. 

Referring to Fig. 41 , a suppressing plate 58 
provided with a plurality of circular holes 57 is first 
placed on the joining surface 11a of the steel plate 
2, and in the next step, as shown in Fig. 42, a 
punch 60 having a diameter smaller than that of the 
hole 57 is inserted in the hole 57 and then thrusted 
downwardly to form a punched hole in the steel 
plate 2. An annular raised portion 61 is formed 
along the periphery of the opening of the punched 
hole. Thereafter, the punch 60 is removed and a 
flat plate 62 is placed on the steel plate 2 and 
pressed downwardly to deform the raised portion 
61 inwardly of the punched hole, thus forming a 
recess 7 having an annular overhang surface 6. 

A steel plate 2 having grooves provided with 
the overhang surfaces formed by the methods de- 
scribed hereinbefore or a machining method can 
be firmly engaged or joined with an aluminum plate 
3 having projections provided with the underhang 
surfaces in the manners and by the methods de- 
scribed hereunder. 

In order to fabricate the composite structure of 
the character shown in Fig. 2, for example, the 
grooves 7 having the overhang surfaces 6 are first 
formed in the upper surface and, in a certain case, 
in both side surfaces, of the soft steel plate 2 as 
shown in Fig. 44, and thereafter, a pair of the thus 
prepared metal plates 2 are integrally bonded at 
the opposing back surfaces thereof through a re- 
lease agent 63 such as plaster, as shown in Fig. 
45, for the purpose of mass production of the 
composite structure. The thus bonded steel plates 
2 are then placed in a casting mold 65 as shown in 
Fig. 46 and a molten aluminum bath 3' is poured 
through a gate 67 of the moid 65 into a cavity 
defined between the inner wall of the mold 65 and 
the outer joining surfaces and the side surfaces of 
the bonded steel plates 2. During this process, a 
care must be taken for entirely and completely 
charging the molten aluminum bath 3' over the 
entire overhang surfaces 6 of the grooves 7 of the 
steel plates 2. 

The mold 65 is opened, after a predetermined 
time has elapsed to cool and coagulate the alu- 
minum molten bath 3', to obtain a block in which 
the aluminum material 3 covers the entire outer 
surfaces of the steel plates. 2 and is completely 
charged into all of the grooves 7 of the steel plates 
2 along the overhang surfaces 6 thereof, as shown 
in Fig. 47. The block is then cut along the release 
agent 63 to obtain secondary plates such as shown 
in Fig. 48. 

In the embodiment described above, an an- 
ticorrosion coating process can be interposed be- 



tween the processes or steps carried out with refer- 
ence to Figs. 45 and 46 to form a corrosion proof 
film made of an insulating material for preventing 
electrolytic corrosion between the steel and alu- 

s minum materials, on the joining surface between 
the steel plate 2 and the aluminum plate 3. The 
coated steel plates 2 are thereafter placed in the 
mold 65 and the molten aluminum bath 3' is 
poured into the mold cavity in the same manner as 

10 described before. 

It should be course be understood that one of 
the two different materials which is more easily 
fusible than the other can be fused and poured into 
the mold in the molding process described herein- 

15 before. 

Firm bonding or joining between the steel plate 
2 and the aluminum plate 3 may be performed by 
a method utilizing plastic flow described hereunder. 
Before carrying out this method, a soft steel 

20 plate 2 with a joining surface 11a having grooves 7 
provided with overhang surfaces 6, as shown in Fig 
49, is first prepared, while a flat aluminum plate 3 
having a joining surface 11b as shown in Fig. 50 is 
prepared. 

25 The thus prepared plates 2 and 3 are superim- 
posed with their joining surfaces 11a and 11b op- 
posed as shown in Fig. 51 and the two plates are 
pressed entirely uniformly by means of a pressing 
device or roiling device, not shown, in the arrowed 

30 direction F. 

The application of the pressure in the direction 
F causes plastic flow of the aluminum material 
forming the joining surface 11b of the aluminum 
plate 3, which has a yielding point lower than that 

35 of the steel plate 2, into the grooves 7 thereof, and 
continuous application of the pressure causes the 
aluminum material of the joining surface 11b to 
completely fill the grooves 7 along the entire over- 
hang surfaces 6 thereof to achieve firm engage- 

40 ment of both the plates 2 and 3, which is main- 
tained even after the pressing force has been re- 
leased. 

The plastic flow of the material of the aluminum 
plate 3 into the grooves 7 of the steel plate 2 will 

45 be assisted by heating the joining surface 11b of 
the aluminum plate 3 by means of a high fre- 
quency heating device, for example, during the 
pressure application process. 

A final product can be obtained by carrying out 

so a trimming operation on the thus obtained compos- 
ite block of the plates 2 and 3. 

The composite structure 112 shown in Fig. 2 
can also be manufactured by a method described 
below with reference to Figs. 53 to 57. 

55 According to this manufacturing method, a soft 
steel plate 2 having a joining surface 11a in which 
grooves 7 provided with overhang surfaces 6 are 
formed preliminarily is first prepared as shown in 
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Fig. 53, while an aluminum plate 3 having a joining 
surface 11b on which projections 66 are preliminar- 
ily formed at positions corresponding to the 
grooves 7 as shown in Fig. 54 is prepared. The tip 
end of each projection 66 is formed with a groove 
67 of V-shaped cross section. This shape of the 
projections 66 is substantially the same as the 
projection 40' formed in the process step shown in 
Fig. 27. The aluminum plate 3 of Fig. 54 can be 
obtained as a section of the desired profile avail- 
able in the market. It is desirable that the volu- 
metric amount of each projection 66 on the joining 
surface 11b be slightly greater than the volumetric 
amount of each groove 7 of the steel plate 2. 

In the next step, as shown in Fig. 55, the 
aluminum plate 3 and the metal plate 2 are ar- 
ranged to oppose to each other so as to achieve a 
positional alignment of the corresponding projec- 
tions 66 and grooves 7, respectively. Thereafter, 
the tip end of each projection 66 is fitted into each 
groove 7 as shown in Fig. 56, and a pressing force 
F is applied uniformly to the entire aluminum plate 
3 towards the metal piate 2 by means of a pressing 
device or rolling device. The application of the 
pressing force F causes plastic flow of the alu- 
minum material forming the projections 66 of the 
aluminum plate 3 as described with reference to 
the former embodiment, and the aluminum material 
of the projections 66 is charged into the grooves 7 
of the steel plate 2 along the entire overhang 
surfaces 6 as shown in Fig. 56. 

During this pressure application process, the 
plastic flow of the aluminum material into the 
grooves 7 along the overhang surfaces 6 can be 
more effectively achieved by a cotter function due 
to the presence of the inclined surfaces of projec- 
tions formed on the bottoms of the grooves 7. In 
addition, the plastic flow of the material of the 
aluminum plate 3 upon the application of the press- 
ing force F can be attained more precisely due to 
the fact that the volumetric amount of each projec- 
tion 66 on the joining surface 11b of the aluminum 
plate 3 is designed to be slightly greater than the 
volumetric amount of the corresponding groove 7, 
whereby firm mechanical engagement between the 
aluminum piate 3 and the steel plate 2 is realized. 

The plastic flow of the aluminum material can 
be effected more precisely by heating the projec- 
tions 66 to a predetermined temperature to reduce 
the yielding stress of the aluminum plate 3 during 
the pressure applying process as described with 
reference to the former embodiment. Furthermore, 
even after the projections 66 has contracted due to 
the cooling during the pressure applying process, 
complete filling of the aluminum material in the 
grooves is attained since the volumetric amount of 
the projections 66 is made slightly greater than that 
of the grooves 7. That is, the flow of the aluminum 



material into the grooves 7 after the contraction can 
be achieved without leaving vacant spaces or gaps 
therebetween, thus enabling to attain firm mechani- 
cal engagement between the aluminum plate 3 and 

s the steel plate 2. 

In the thus manufactured composite structure, 
since the joining area of the aluminum plate 3 to 
the soft steel piate 2 is enlarged, the composite 
structure can be endowed with a strong resisting 

io force against the horizontal shearing displacement 
and the vertical separating displacement. 

A still further joining method for manufacturing 
a composite structure will be described with refer- 
ence to Figs. 58 through 62. 

is A soft steel plate 2, as shown in Fig. 58. is 
preliminarily prepared, which plate has stands 70 
for attaching the plate 2 to a tie of the railway track 
for a linear motor car. A groove 7 is formed in the 
upper joining surface 11a of the steef plate 2 so as 

20 to have overhang surfaces 6 extending centrally in 
the longitudinal direction of the plate 2. A pair of 
grooves 71 each having an arcuate cross section 
are formed in both side surfaces of the plate 2. 
In the next step, as shown in Fig. 59, a bar-like 

25 member 72 made of aluminum material having a 
trapezoidal cross sectional shape corresponding to 
that of the groove 7 shown in Fig. 58 is press fitted 
longitudinally into the groove 7. Alternatively, mol- 
ten aluminum bath may be cast into the groove 7 

30 to form an aluminum bar integral with the steel 
plate 2 instead of the fitting of the preliminarily 
made aluminum bar 72. 

A pair of aluminum plates 3 are prepared, each 
in -substantially L-shaped cross section having on 

35 one end a bead 73 engageable with the groove 71 
and at the other end a tapered end surface 74. The 
thus prepared aluminum plates 33 are preliminarily 
heated and expanded by the heating to a predeter- 
mined temperature and then mounted on the upper 

40 surface of the steel plate 2 in such a manner that 
the respective beads 73 are engaged with the 
corresponding grooves 71 of the steel plate 2 and 
the tapered end surfaces 74 are positioned above 
the oterhang surfaces 6 in an opposing state to 

45 each other with a space interposed therebetween 
as shown in Fig. 60. 

In the next step, as shown in Fig. 61, an 
aluminum material is welded into the space defined 
above the upper surface of the aluminum bar 72 

so between both the tapered end surfaces of the alu- 
minum plates 3 so as to form a build-up weld 74a 
to thereby integrally join the steel plate 2. the 
aluminum bar 72 and the aluminum plates 3 
through the build-up weld 74a. 

55 After these processes, the thus joined structure ■ 
is disposed as it is to cool the same, and during 
the cooling process, the aluminum plates 3 con- 
tract in the width directions due to the cooling of 

11 
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the plates 3 and the thermal contraction of the 
build-up weld 74a. As a result the beads 73 of the 
aluminum plates 3 strongly engage or bite into the 
grooves 71, thus achieving firm engagement be- 
tween the aluminum plates 3 and the steel plate 2. 
Finally, a surface finish working such as finish 
cutting is effected to the build-up weld 74a to 
obtain a secondary plate as a final product such as 
shown in Fig. 62. 

The secondary plate as a final product pro- 
vides a firm engagement of the aluminum plates 3 
with the steel plate 2, which can be maintained for 
a long time and also provides a strong resisting 
force against shearing deformation in a horizontal 
direction and separating forces in a vertical direc- 
tion. 

A further modified method of manufacturing a 
composite structure will be described hereunder 
with reference to Figs. 63 to 65, in which like 
reference numerals are used to designate portions 
or members corresponding to those shown in Figs. 
58 to 62. 

As shown in Fig. 63, in this modification, the 
bar like aluminum member is not fitted in the 
groove 7 having the overhang surfaces 6 centrally 
extending in the longitudinal directions of the steel 
plate 2. A pair of aluminum plates 3 are placed on 
the upper joining surface 11a of the plate 2 in such 
a manner that each of the aluminum plates 3 has 
one end (bead) 73 engaged with the side groove 
71 of the steel plate 2 and the other end 76 formed 
as a flanged portion projecting into the groove 7. In 
the next step, as shown in Fig. 64, an molten 
aluminum bath 77 is filled to form a build-up por- 
tion in and above a space defined by both the 
flanged portions 76 and the inner wall of the groove 
7. The bath 77 is left as it is until it cools. The 
aluminum plates 3 can be thermally contracted 
during the cooling process by preliminarily heating 
the same, and due to the contraction, the beads 73 
firmly bite into the grooves 71 to realize firm me- 
chanical engagement between the aluminum plates 
3 and the steel plate 2, which are. on the other 
hand, bonded through the solidified bath 77. 

A surface finishing working such as finish cut- 
ting is performed as shown in Fig. 65 to obtain a 
flush surface of the aluminum plates 3 and the 
solidified bath, whereby there is obtained a com- 
posite structure as a final product of substantially 
the same character as that of the composite struc- 
ture shown in Fig. 61 with the excellent or superior 
structural advantages described hereinbefore with 
respect to the former embodiments. 

The methods of forming the recesses in the 
first material, as described hereinbefore, can be 
used in any type of the composite structures de- 
scribed hereinbefore. 



Claims 

1. A composite structure made from a pair of 
materials of different kinds mechanically joined to- 

5 gether. characterized in that it comprises: 

a first material (2) provided with a first joining 
surface (11a) in which at least a recess (7) having 
an overhang surface (6) is formed; and 

a second material (3) provided with a second 

to joining surface (1 1 B) joined face to face to said first 
joining surface (11a), on which second joining sur- 
face at least a protrusion (9) having an underhang 
surface (8) is integrally formed, said protrusion (9) 
having a shape and dimensions substantially cor- 

is responding to those of said recess (7) and being 
firmly engaged with the recess in a manner fully 
filling the same. 

2. The composite structure according to claim 
1 wherein said recess (7) has a substantially V- 

20 shaped cross section obliquely extending so as to 
have the overhang surface (6) on one side wall of 
said recess, and said protrusion (9) has a substan- 
tially V-shaped cross section obliquely extending 
so as to have the underhang surface (8) on one 

25 side wall of said protrusion corresponding to said 
overhang surface. 

3. The composite structure according to claim 
1 wherein said recess (7) has a dovetail-shaped 
cross section having two overhang surfaces (6) on 

30 both sides thereof and said protrusion (9) has the 
same dovetail-shaped cross section having two un- 
derhang surfaces (8) on both sides thereof cor- 
responding to said overhang surfaces. 

4. The composite structure according to claim 
35 1 wherein said recess (7) and said protrusion (8) 

are formed with fine recesses and protrusions in 
wave form on the surfaces thereof. ' 

5. The composite structure according to claim 
4 wherein the joining surfaces (11a, 11b) of the first 

40 and second materials (2, 3) are at least partially 
formed with fine recesses and protrusions in wave 
form. 

6. The composite structure according to claim 
1 wherein said recess (7) is a groove and said 

45 protrusion (9) is a ridge. 

7. The composite structure according to any 
one of claims 1 to 6 wherein said joining surfaces 
(11a, 11b) inclusive of an inner surface of said 
recess (7) and an outer surface of said protrusion 

so (9) are joined to each other with a thin film (12) 
interposed therebetween. 

8. The composite structure according to claim 
7 wherein said thin film (12) comprises a corrosion 
proof coat. 

55 9. The composite structure according to claim 
1 wherein said recess (7) is a local hole and said 
protrusion (9) is a local projection. 
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10. The composite structure according to claim 
1 wherein said recess (7) comprises a groove and 
a further groove (14) is formed in the joining sur- 
face (11a) of said first material (2) so as to intersect 
with said first mentioned groove and wherein said 
protrusion (9) comprises a ridge, and a further 
ridge having an outer configuration corresponding 
to that of said further groove is formed on the 
joining surface (11b) of said second material* 

11. The composite structure according to claim 
1 wherein said recess (7) is a groove and a plural- 
ity of projections or depressions (30) are formed on 
a bottom of the groove (7) at intervals. 

12. The composite structure according to claim 
1 wherein said recess (7) is a groove which has 
wave-shaped side edges (16) along the opening 
thereof. 

13. The composite structure according to any 
one of claims 1 to 12 wherein there are provided a 
number of recesses (7) in the form of a groove in 
the first joining surface (11a) of the first material (2) 
and the directions of extension of the grooves are 
not uniform. 

14. A method of manufacturing a composite 
structure made from a pair of materials of different 
kinds mechanically joined to each other, character- 
ized by the steps of: 

preparing a first material (2) having a first 
joining surface (11a); 

forming at least a recess (7) having an 
overhang surface in the first joining surface (11a) of 
said first material (2); 

preparing a second material (3) having a 
second joining surface (11b); and 

opposing said first and second joining surfaces 
(11a f 11b) of said first and second materials and 
pressing the opposed first and second materials (2, 
3) from one side thereof to cause plastic flow of 
said second material (3) into the recess (7) to 
cause the second material (3) to be filled into the 
recess. 

15. The method according to claim 14 wherein 
said second material (3) is provided with a projec- 
tion (66) formed on the second joining surface 
(11b), and the second material (3) is placed on the 
first material (2) such that said projection (66) of 
the second material opposes to said recess (7) of 
the first material, and wherein said first and second 
materials (2, 3) are mutually pressed to cause said 
projection (66) to plastically flow into said recess 
(7) thereby to mechanically join said first and sec- 
ond materials. 

16. The method according to claim 14 or 15 
wherein the recess (7) of said first material is 
formed in the shape of a groove so as to have a 
fork-shaped cross section and the projection (66) of 



said second material is formed so as to have in a 
tip end thereof a groove (67) of a V-shaped cross 
section. 

17. The method according to any one of claims 
5 14 to 16 wherein said step of forming a recess 

comprises the steps of forming a groove having 
raised portions (24, 26) along the two sides thereof 
by rolling a formation roll (20) having a circum- 
ferential ridges, on the first joining surface (11a) of 
ro said first material, and forming a recess (7) of 
groove shape having an overhang side surface (6) 
by rolling a cylindrical roll (27) on said first joining 
surface (11a) to level said raised portions (24, 26). 

18. The method according to any one of claims 
rs 14 to 17 wherein said step of forming a recess 

comprises the steps of forming a groove having a 
bottom surface with an intermediate protruding por- 
tion (28) and having raised portions (29) along the 
two sides thereof by rolling a formation roll (20a) 

20 having a circumferential groove of V-shaped cross 
section, on the first joining surface (11a) of said 
first material, and forming a recess of groove shape 
having overhang surfaces (6) on both side waits to 
provide a fork-shaped cross section by rolling a 

25 cylindrical roll (27a) on said first joining surface to 
level the raised portions (29). 

19. The method according to any one of claims 
14 to 18 wherein said formation roll (20a) is pro- 
vided with a circumferential surface along which a 

30 plurality of recesses (30) or protrusions are formed 
at intervals. 

20. The method according to any one of claims 
14 to 19 wherein said step of forming a recess 
comprises the steps of forming a groove having 

35 raised portions (46) along both sides of an opening 
of the groove by rolling a pulley-type formation roll 
(45) on said first joining surface of said first ma- 
terial (2), deforming the raised portions (46) in- 
wardly centrally of said groove by rolling on the 

40 first joining surface inclusive of the raised portions 
a roll (48) having a circumferential groove (47) of 
triangular cross-sectional shape with the triangular 
groove (47) confronting the raised portions (46') 
and forming a recess of groove shape having over- 

45 hang surfaces (6) on both side thereof by rolling a 
cylindrical roll (49) on said first joining surface 
inclusive of the groove so as to level the raised 
portions (46 ). 

21. A method of manufacturing a composite 
50 structure made from a pair of materials of different 

kinds mechanically joined to each other, character- 
ized by the steps of: 

preparing a first material (2) having a first 
joining surface (11a); 
55 forming at least a recess (7) having an 

overhang surface (6) in the first joining surface 
(11a) of said first material; 

placing said first material (2) in a casting mold 
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(65) in a manner to leave a space having a pre- 
determined width between the joining surface of 
said first material (2) and an inner surface of the 
casting mold (65): 

pouring a second material (3 ) in a molten 
state into said space to fill the second material into 
said recess and to bond a second joining surface 
of the second material entirely to the first joining 
surface of said first material (2); and 

taking the thus bonded first and second 
materials out of the casting mold. 

22. The method according to claim 21 wherein 
said step of forming a recess comprises the steps 
of forming a groove having raised portions (24, 26) 
along the two sides thereof by rolling a formation 
roll (20) having a circumferential ridges, on the first 
joining surface (11a) of said first material, and 
forming a recess of groove shape having an over- 
hang side surface (6) by rolling a cylindrical roll 
(27) on said first joining surface (11a) to level said 
raised portions (24, 26). 

23. The method according to claim 21 or 22 
wherein said step of forming a recess comprises 
the steps of forming a groove having a bottom 
surface with an intermediate protruding portion (28) 
and having raised portions (29) along the two sides 
thereof by rolling a formation roll (20a) having a 
circumferential groove of V-shaped cross section, 
on the first joining surface (11a) of said first ma- 
terial, and forming a recess of groove shape having 
overhang surfaces (6) on both side walls to provide 
a fork-shaped cross section by rolling a cylindrical 
roll (27a) on said first joining surface to level the 
raised portions (29). 

24. The method according to any one of claim 
21 to 23 wherein said formation roll (20a) is pro- 
vided with a circumferential surface along which a 
plurality of recesses (30) or protrusions are formed 
at intervals. 

25. The method according to any one of claims 
21 to 24 wherein said step of forming a recess 
comprises the steps of forming a groove having 
raised portions (46) along both sides of an opening 
of the groove by rolling a puiley-type formation roll 
(45) on said first joining surface of said first ma- 
terial (2). deforming the raised portions (46) in- 
wardly centrally of said groove by rolling on the 
first joining surface inclusive of the raised portions 
a roll (48) having a circumferential groove (47) of 
triangular cross-sectional shape with the triangular 
groove (47) confronting the raised portions (46') 
and forming a recess of groove shape having over- 
hang surfaces (6) on both side thereof by rolling a 
cylindrical roll (49) on said first joining surface 
inclusive of the groove so as to level the raised 
portions (46'). 



26. A method of manufacturing a composite 
structure made from materials of different kinds 
mechanically joined to each other, characterized by 
the steps of: 

5 preparing a first material (2) having a first 

joining surface (11a); 

forming at least a recess (7) having an 
overhang surface (6) in said first material; 

preparing a pair of second materials (3) each 
ro in the shape of a plate; 

fixedly mounting said second materials (3) on 
said first joining surface (11a) of the first material 
(2). said plates of the second materials having one 
ends (74) opposing to each other with a space 
/s therebetween above said recess (7) of the first 
material; 

filling a third material (72, 75) into said recess 
and a space between the opposing ends of said 
second materials to form a build-up weld; and 
20 removing the build-up weld such that an outer 

surface of the filled third material is flush with the 
outer surfaces of said second materials. 

27. The method according to claim 26 wherein 
the opposing ends of said second materials (3) in 

25 the shape of a plate are provided with flanged 
portions (76) projecting inwardly of said recess of 
the first material (2). 

28. The method according to claim 27 wherein 
said second materials (3) in the shape of a plate 

30 having the other ends provided with inward beads 
(73) respectively and wherein said first material (2) 
has side surfaces in which are formed recesses 
(71) with which said beads (73) are engaged to 
mechanically join the second materials to the first 

35 material. 

29. The method according to any one of claims 
26 to 28 wherein said step of forming a recess 
comprises the steps of forming a groove having 
raised portions (24, 26) along the two sides thereof 

40 by rolling a formation roll (20) having a circum- 
ferential ridges on the first joining surface (11a) of 
said first material, and forming a recess (7) of 
groove shape having an overhang side surface (6) 
by rolling a cylindrical roll (27) on said first joining 

45 surface (11a) to level said raised portions (24, 26). 

30. The method according to any one of claims 
26 to 29 wherein said step of forming a recess 
comprises the steps of forming a groove having a 
bottom surface with an intermediate protruding por- 

50 tion (28) and having raised portions (29) along the 
two sides thereof by rolling a formation roll (20a) 
having a circumferential groove of V-shaped cross 
section, on the first joining surface (11a) of said 
first material, and forming a recess of groove shape 

55 having overhang surfaces (6) on both side walls to 
provide a fork-shaped cross section by rolling a 
cylindrical roll (27a) on said first joining surface to 
level the raised portions (29). 

14 
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31 . The method according to any one of claims 
26 to 30 wherein said formation roll (20a) is pro- 
vided with a circumferential surface along which a 
plurality of recesses (30) or protrusions are formed 

at intervals. s 

32. The method according to any one of claims 
26 to 31 wherein said step of forming a recess 
comprises the steps of forming a groove having 
raised portions (46) along both sides of an opening 

of the groove by rolling a pulley-type formation roll ro 
(45) on said first joining surface of said first ma- 
terial (2), deforming the raised portions (46) in- 
wardly centrally of said groove by rolling on the 
first joining surface inclusive of the raised portions 
a roll (48) having a circumferential groove (47) of is 
triangular cross-sectional shape with the triangular 
groove (47) confronting the raised portions (46') 
and forming a recess of groove shape having over- 
hang surfaces (6) on both side thereof by rolling a 
cylindrical roll (49) on said first joining surface ao 
inclusive of the groove so as to level the raised 
portions (46 ). 

33. A method of manufacturing a composite 
structure made from a pair of materials of different 
kinds mechanically joined to each other, character- 25 
ized by the steps of: 

preparing a first material (2) having a first 
joining surface (11a) in which at least a recess (7) 
in shape of a local hole having an overhang surface 
(6) is formed; 30 

preparing a second material (3) having a 
second surface and provided with a local through 
hole (51) having an underhang surface; 

placing said second material (3) on said first 
material in such a manner that said first and sec- as 
ond joining surface contact each other with the 
through hole (51) of said second material aligning 
with the recess (7) of said first material; 

inserting an anchoring (52) material into said 
through hole and recess; and 40 

plastically deforming said anchoring material 
(52') to cause it to completely fill said through hole 
and recess. 
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